single N-acetylglucosamine saccharide is attached to serine and threonine hydroxyl groups of nuclear and cytoplasmic proteins. 3 Hundreds of proteins have been identified as being subjected to protein O-GlcNAc including transcription factors, cytoskeletal and signalling components and metabolic enzymes. 4 This modification is highly dynamic when responding to various stimuli. Protein OGlcNAc shares some features when compared to serine/threonine phosphorylation, such as the existence of cyclic enzymes or the occupation of the same residues on proteins. 5 There is compelling evidence that O-GlcNAc is involved in the regulation of several physiological (transcription, 6 nutrient sensing 7 and cell cycle regulation 8 ) and pathological processes (diabetes, 9 cancer, 10 Alzheimer disease 11 ). For example, in patients with diabetes, chronic hyperglycaemia will lead to elevated levels of protein O-GlcNAc modification 12 which could have several deleterious consequences, such as altered transcriptional factor activity or interference with phosphorylation. 13 Importantly, recent researches have also found altered O-GlcNAc levels associated with increased stress tolerance.
In conditions such as oxidative stress, hypoxia or heat shock, the regulatory role of O-GlcNAc in cell survival and adaptation has been proposed. 
| MATERIAL S AND ME THODS

| Cells and culture conditions
Primary human PDL cells were isolated from healthy, non-carious first premolars undergoing tooth extraction for orthodontic indi- and forming large bundles, without any apparent contact inhibition (Appendix Figure A1) . The cells were cultured in a 1: 
| Application of mechanical stress
To simulate continuous mechanical stress, a previously described compression method was used. 18, 19 Briefly, PDL cells were plated onto 6-well cell culture plates (VWR International) at density of 
| Viability assay
Cells were detached from the cell culture plates by incubation in 
| Western blot analysis
After the careful removal of weights and coverslips, the PDL cell layers were washed 2x in ice-cold PBS and harvested in RIPA No.: MA1-072) in 5% non-fat dry milk blocking buffer and followed by HRP conjugated goat anti-mouse IgG (1:5000; Thermo Fisher Scientific). The blots were developed using Femto chemiluminescent substrate (Thermo Fisher Scientific), and the signal was detected by G:BOX Chemi HR1.4 gel imaging system (Syngene).
As loading control, anti-actin IgG antibody (Sigma-Aldrich
No.: A2103, 1:1500) was used. Densitometry was quantified by using ImageJ version 1.52 analysis software (National Institutes of Health, Bethesda).
| Immunofluorescence microscopy
Cells were grown on coverslips in 6-well plates until approx. 15%
confluency in complete media. Subsequently, the coverslips were turned over; thus, the cellular layers were put between the coverslips and the surface of the plates. The coverslips were either subjected to 0 (just coverslip) or 2 g/cm 2 compressive force for Figure A2 ).
| Data analysis
Data are presented as mean ± standard deviations (SD) throughout.
Comparisons were performed by one-way ANOVA plus Dunnett's post hoc test using SPSS software. Statistically significant differences between groups were defined as P Values < 0.05 and are indicated in the figure legends.
| RE SULTS
| Cell viability
We used compression force of up to 14 g/cm 2 
| Mechanical stress altered protein O-GlcNAc
The effect of mechanical stress on O-GlcNAc levels was inves- 
| D ISCUSS I ON
In this study, we demonstrated for the first time that protein O- The orthodontic force is an extrinsic mechanical stimulus that evokes cellular responses and therefore allows orthodontic tooth movement. 20, 21 The biologic effect also depends on the PDL area over which the force is distributed; therefore, the net effect should be considered as force per unit area or pressure. Ren et al have concluded that very small pressure (<2 g/cm 2 ) can stimulate biologic responses. However, neither the exact threshold nor the optimal pressure magnitude could be defined. 22 Other studies found that light force is preferable to avoid potential overloading that can hinder tooth movement. 23 In most in vitro studies, compression force was used in the range of 0-4 g/cm 2 and 2-3 g/cm 2 was found to induce the most significant changes. 18, 19, 24 Our results correlate with these studies as O-GlcNAc changes were most prominent at 1.5-3 g/cm 2 compression force. In contrast to in vitro studies, large individual differences have been shown in response to orthodontic forces in vivo.
Early animal studies have suggested that a continuous forces of not more than 15-20 g/cm 2 should be used for optimum biological tooth movement, as higher forces may lead to adverse effects. 25 More recently, forces between 1.2 and 10 g for up to 14 days were used to move rat molars. 26, 27 This discrepancy from in vitro findings could be explained by different bone/mineral density, variation in individual anatomic structures, or different structure of the collagen fibres and cellular activity. One of the limitations of our study is that we have used beta-actin as an internal control for the Western blot analyses.
Actin is widely used as a general loading control in stress-related
Western blot studies 28, 29 ; on the other hand, its dynamic nature is The success of orthodontic tooth movement depends largely on the remodelling capability of alveolar bone. Impaired glucose metabolism in diabetes has been demonstrated to influence bone metabolism and bone formation. 31, 32 Several studies have reported significant differences in bone response to orthodontic stimulus under diabetic conditions. 31, 33 Furthermore, metformin administration was found to diminish the adverse effects of diabetes on tooth movement. 31 There is an increasing number of evidences demonstrating a strong linkage between increased O-GlcNAc and diabetic complications. 34 Our results indicating that O-GlcNAc regulation is part of the PDL's response to mechanical stress might provide an important insight into the molecular mechanisms associated with altered biologic response during orthodontic tooth movement of patients with diabetes. Chronic imbalance of O-GlcNAc because of hyperglycaemia might lead to several unwanted effects, 13 possibly also interfering with orthodontic tooth movement.
In contrast to diabetes, in acute stress events, increased O- well. Cellular motility and lamellipodia formation is a complicated, dynamical process still only partially understood. 35 Apart from physical forces such as membrane tension, traction forces or intracellular pressure, 36 external chemotaxis and intracellular signalling events also influence membrane protrusions. 35, 37 Actin is playing a major part in the dynamic formation of the leading edge, whereas microtubules also seem to play an important part in motility. Pathophysiologic processes such as tumour growth and inflammation in closed compartments will also introduce mechanical challenges to cells. Thus, we think that our data may contribute to the better understanding of these processes. 
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